Introduction: The Australian states of New South Wales (NSW) and Queensland implemented bans on tobacco pack displays at point-of-sale (PoS) in July 2010 and November 2011, respectively. This study evaluated the medium-term impact of the bans on youth. Methods: Data were drawn from the Tobacco Promotion Impact Study, a repeated cross-sectional survey of youth (12-24 years) in NSW and Queensland conducted yearly 2010-2012 (n = 6,014). Regression analyses examined differences in youth's recall of PoS tobacco displays, smokingrelated beliefs, and smoking behaviors in relation to the timing of the PoS display bans. Results: Recall of PoS tobacco displays was significantly less likely for youth interviewed after the bans versus before (OR = 0.45, 95% CI = 0.39, 0.52, p < .01). They were also less likely to report tobacco brand awareness (OR = 0.76, 95% CI = 0.62, 0.92, p < .01), to over-estimate peer smoking (OR = 0.84, 95% CI = 0.74, 0.96, p < .01), or be current smokers (OR = 0.73, 95% CI = 0.55, 0.96, p < .05). Stratified analyses showed that these differences were primarily apparent in the group of youth most likely to be affected by tobacco PoS displays: those who visit tobacco retailers most frequently. After the bans, smokers were less likely to report that they think about smoking as a result of seeing PoS tobacco displays (OR = 0.60, 95% CI = 0.37, 0.97, p < .039). Conclusions: Our findings suggest an immediate impact of display bans on youth's exposure to tobacco pack displays, and likely impacts on smoking-related outcomes. These results suggest that removing tobacco displays from retail environments can positively contribute to the denormalization of smoking among youth.
Introduction
Restricting tobacco promotion is a key tobacco control strategy, 1 and many governments have implemented bans on advertising tobacco products in mass media and public spaces. In the face of such widespread restrictions, the tobacco industry has increasingly focused their marketing budget on the retail point-of-sale (PoS). [2] [3] [4] [5] [6] [7] Even when a jurisdiction bans tobacco advertising at the PoS, tobacco companies typically invest heavily in other strategies to increase brand prominence such as installing display units that ensure maximum exposure to branded pack elements. 2 Tobacco displays have traditionally been highly visible in the retail environments most commonly visited by children and adolescents, including convenience stores, supermarkets, and petrol or gas stations. For this reason, much research has investigated the possibility that exposure to PoS tobacco advertising and displays could increase the likelihood of youth smoking. 8 The evidence shows that tobacco product displays can effectively communicate brand imagery to children, 4, 6 and that exposure to cigarette pack displays and tobacco marketing at the PoS is associated with both smoking susceptibility and smoking among youth. [9] [10] [11] [12] [13] [14] [15] [16] [17] Experimental evidence shows that youth exposed to images of tobacco-saturated PoS displays are less supportive of tobacco control policies, more likely to recall cigarette brands, perceive higher smoking prevalence among their peers, and believe it is easier to purchase cigarettes than those not exposed. 18, 19 In addition, there is evidence that PoS promotions may fuel unplanned cigarette purchases, 20, 21 encourage increased consumption among smokers, 22 and contribute to relapse among ex-smokers. 21, 23 In response to concerns about the effects of exposure to tobacco products in retail environments, all Australian states and territories have enacted legislation imposing comprehensive bans on the display of tobacco products in retail premises, requiring all tobacco products, non-tobacco smoking products and smoking accessories to be stored "out-of-sight." The New South Wales (NSW) legislation commenced in a "stepped" fashion, starting with large retailers (more than 50 employees) from January 1, 2010, small retailers from July 1, 2010, and specialist tobacconists from July 1, 2013. The Queensland ban commenced for all retailers from November 18, 2011. The display bans are part of a broader set of restrictions, the key features of which are set out in Box 1.
Recent evaluations of similar bans in Ireland 24 and Norway 25 have provided some indication of their effectiveness, with both studies showing high retailer compliance. Two months after the Irish ban, there were significant declines in recall of pack displays in both adolescents and adults, increased support for display bans among adolescents and adults, and a decline in perceived peer smoking prevalence among adolescents. Additionally, a recent study using data from the International Tobacco Control Four Country Survey examined the effect of display bans by comparing changes in tobacco promotion exposure and smoking behaviors in Australia and Canada (with bans) to those in the United Kingdom and the United States (with no bans). 26 This study found a marked decline in self-reported exposure to tobacco marketing among smokers in jurisdictions with display bans, as well as a decline in impulse purchasing. To date, however, there have been no evaluations of the medium-and longer-term impact of PoS tobacco display bans, particularly on youth.
The aim of the current study was to evaluate the medium-term impact of the PoS display bans in NSW and Queensland on adolescents and young adults. The outcomes of interest included recall of recent exposure to PoS tobacco displays, tobacco brand awareness, normative perceptions, and current smoking. Given the evidence of the impact of PoS displays on impulse purchasing and cravings among smokers, 21, 22 we also monitored changes in the self-reported impact of PoS tobacco displays among smokers. It was hypothesized that youth interviewed in the periods following a PoS display ban would have less risky smoking-related cognitions and behaviors than those interviewed before the bans. Further, we expected that any differences in these outcomes would be most apparent in the group of youth most likely to be affected by changes to the store environment, those who visit stores which sell tobacco most frequently.
Methods
Data for this study come from the Tobacco Promotion Impact Study (TPIS). 27 The study is a repeat cross-sectional design with yearly surveys conducted in June: at Wave 1 (2010) neither state had a full PoS display ban; at Wave 2 (2011), the NSW ban for large and small retailers (comprising the majority of retailers) had been in place for 12 months, and Queensland had no ban; at Wave 3 (2012) NSW was 24-months post-ban and Queensland was 7-months post-ban. The timing of the surveys in relation to the PoS display legislations are outlined in Box 2. Telephone surveys were used to monitor NSW and Queensland adolescents' and young adults' (aged 12-24 years) exposure to tobacco promotions, as well as their smoking-related beliefs and behavior. Households were recruited using random digit dialing (landline telephone numbers only) and participants within households were recruited using random selection (selecting the nth oldest eligible person aged 12-24 years). Permission was obtained from parents of 12-15 year olds before conducting each interview. Response rates were 45%, 42%, and 39% at Waves 1, 2, and 3 respectively (AAPOR Response Rate #3; American Association for Public Opinion Research 
Outcome Variables

Recall of Tobacco Displays at PoS
Respondents reported their frequency of seeing tobacco pack displays (never, rarely, sometimes, often) in commonly visited store types that they had visited in the last month (large supermarkets, small supermarkets, convenience stores, petrol stations). From this, we generated a binary variable indicating past month PoS tobacco display recall (saw tobacco displays at least sometimes in at least one store vs. never/rarely in all store types).
Brand Awareness
Respondents were asked to name brands of cigarettes. This variable was highly skewed (range = 0-16 brands, M = 1.6, Median = 1), and so dichotomized into a binary variable indicating recall of 1 or more brands versus no brands. • tobacco not to be publicly visible at PoS; • retailers can sell tobacco products from only one PoS within the premises; • tobacco sales prohibited in public places or from temporary enclosures (e.g. booths, stands, and stalls); • restrictions on the location and operation of tobacco vending machines; and • some mandatory signage (e.g. health warnings in NSW), some acceptable but restricted signage (e.g. price information), and prohibitions on all other signage.
Normative Beliefs
All youth were asked how many out of every 10 people their age they thought smoked (M = 4.15, SD = 2.4). Responses to this variable were used to create a binary variable indicating peer smoking overestimation (over-estimated vs. not). Responses were compared with Australian "past month smoking" statistics for each age group, 29, 30 with a response above the population estimate classified as overestimation (overestimation for 12-15 years ≥ 1; 16-17 years ≥ 2; 18-24 years ≥ 3). Agreement with the statement "Most people my age think it's OK to smoke once in a while" was used to measure perceived peer acceptability. Responses were recorded on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree) and dichotomized to indicate perceived acceptability (agree or strongly agree) versus not.
Current Smoking
Respondents were categorized as: (a) current smokers (smoked more than 100 cigarettes in their lifetime and smoked in the past month), (b) experimenters (smoked less than 100 cigarettes) or ex-smokers (smoked more than 100 cigarettes in their lifetime but not in the past month), or (c) non-smokers (never smoked). This variable was dichotomized as an outcome variable to indicate current smoking versus not.
Self-Reported Impact of PoS Displays
Current smokers, ex-smokers, and experimenters were asked how often seeing tobacco displays at the PoS made them think about smoking (never, rarely, sometimes, often; dichotomized as often vs. not often). Current smokers were asked how often they purchased cigarettes when they had not planned to buy them due to seeing tobacco displays at the PoS (dichotomized as sometimes/often vs. never/rarely).
Independent Variable
Stage of PoS Display Ban
Based on their state of residence and year of survey, respondents were classified as being interviewed: (a) before a PoS display ban at the majority of retailers (NSW 2010, Queensland 2010 and 2011), (b) 6-12 months after (NSW 2011 and Queensland 2012), or (c) 24 months after (NSW 2012). There was no available data for Queensland at 24-months post-ban. The allocation of respondents to these groups is outlined in Box 2.
Covariates
Demographic Characteristics
Age, sex, and state were included. Postcodes were used with the Socio-Economic Indices for Areas (SEIFA) 31 to indicate low (quintiles 4-5) and moderate-high (quintiles 1-3) socio-economic status (SES).
Store Visitation
Previous research has shown that frequency of visiting stores that sell tobacco products is a good indicator of exposure to and impact of PoS tobacco displays. 12 Therefore, all youth were asked how often they had visited each of four store types in the past month: large supermarkets, small supermarkets, convenience stores, petrol stations (responses: never, rarely, sometimes, often). Responses were used to create a three-level variable indicating infrequent visitation (visited none of the stores often), moderate visitation (visited at least one store type often) and frequent visitation (visited all the store types often).
Anti-smoking Advertising Exposure
Given that exposure to anti-smoking advertising can influence youth smoking, 32 youth were asked how often they had seen anti-smoking advertising on television in the past month (never, rarely, sometimes, often), and were classified as having seen recent advertising (sometimes/often) versus not (never/rarely).
Smoking Exposure and Experience
Youth smoking-related beliefs and behaviors are influenced by one's smoking status, as well as having friends and family who smoke. 33 Respondents reported on the number of current smokers in their household and how many of their five closest friends smoked. These were combined to create a smoker exposure variable, which was highly skewed (range 0-20; M = 1.66, SD = 2.03, Median = 1), so for purposes of reporting youth were classified as having one or more smoker exposures versus none. We also created a variable indicating "smoking experience," with youth were classified as: (a) non-smokers with no smokers in their social environment, (b) non-smokers with at least one smoker in their social environment, or (c) current smokers.
Statistical Analysis
Descriptive statistics for all outcomes at each stage of the PoS bans are reported. Logistic regression analyses were used to predict each of the outcomes with stage of ban as the independent variable, controlling for relevant covariates. All models included demographic characteristics and frequency of store visitation as covariates. In the models predicting recall of PoS tobacco displays, brand awareness and normative beliefs, the "smoking experience" variable was included, while "smoker exposure" was included in the model predicting current smoking. For the models predicting normative beliefs and current smoking, recent anti-smoking advertising exposure was also included.
Next, in order to explore if changes in the store environment were at least partly responsible for differences in outcomes for those interviewed before and after the PoS display bans, we conducted a sensitivity analysis whereby we stratified the sample by frequency of store visitation (infrequent vs. moderate/frequent) and tested the models predicting each of the outcomes in the two samples. A final set of logistic regression models were conducted to predict self-reported impact of PoS displays among the sample of smokers, experimenters and recent quitters, using stage of ban as a predictor and controlling for demographic covariates. Due to smaller sample sizes, these models were not further stratified by store visitation.
The gender distribution of this sample was relatively consistent with population parameters as defined by Australian Bureau of Statistics (ABS) data. 31 There were however, some discrepancies in the age distribution, particularly a slight over-representation of 16-19 year olds, but under-representation of 20-24 year olds. Given these discrepancies, data were weighted to the NSW and Queensland populations of 12-24 year olds for age, sex, and region distributions from Census data 31 using post-stratification weights. All analyses were conducted using Statav11.1.
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Results
Sample characteristics are shown in Table 1 . Due to the timing of the bans, there were more youth from Queensland in the pre-ban sample, and the 24-months post-ban sample consisted solely of youth from NSW. Compared to youth in the pre-PoS display ban sample, youth in the sample interviewed 24 months after implementation of the PoS ban were more likely to be living in lower SES neighborhoods and less likely to have smoking experience.
The results from the logistic regression analyses predicting each outcome are shown in Table 2 . Before the PoS display bans, 80% of youth reported seeing PoS tobacco displays at least sometimes in the past month. There was a significant decrease following the implementation of the bans, with 64% reporting exposure after implementation (both at 6-12 months and 24 months after implementation). Brand awareness also declined in the period following the implementation of the bans, with a significant decrease at 24-months post-implementation (from 65% of the sample recalling at least one brand down to 59%). The proportion of youth over-estimating smoking prevalence among their peers declined significantly from 54% pre-ban to 50% in the 6-12 months post-ban period. There was no significant change in perceptions of peer smoking approval. Current smoking showed changes that were significant at 24-months post-ban, with a decrease from 15% in the pre-ban sample to 11% of the 24-months post-ban sample. Overall, controlling for all relevant covariates, youth who visited stores selling tobacco more frequently were more likely to report seeing tobacco displays, recall a tobacco brand, over-estimate peer smoking prevalence and peer smoking approval, and be current smokers.
Results from the sensitivity analysis, with the sample stratified according to store visitation, are shown in Table 3 . There was a significant association between stage of PoS display ban and recall of tobacco displays in youth with both low and moderate-high store visitation, such that youth in both groups were less likely to report recent exposure to tobacco displays after the PoS display bans. Consistent with the rationale that youth who visit tobacco retailers more frequently would be most influenced by PoS display bans, there were significant decreases in the proportion of youth in this group who over-estimated peer smoking and who were current smokers. Such decreases were not apparent in the group of smokers with low store visitation. For this group, however, there was a significant Note. n's are unweighted, percentages are weighted. a p value from chi-squared analysis for categorical variables, and ANOVA for continuous variables; n/a = chi-squared analysis not conducted for variables included in the weighting process; SES = neighborhood socio-economic status (based on postcode); smoking experience (no exposure = non-smoker with no friend or household smoking exposures; non-smoker, exp. = non-smoker with at least one friend or household smoking exposure; current smoker = past month smoking). association between stage of PoS ban and brand awareness that was not apparent in the group with more frequent store visitation. As shown in Figure 1 , there was a significant decrease in the proportion of smokers, ex-smokers, and experimenters who reported that seeing tobacco displays at the PoS made them think about smoking (from 17% pre-ban to 11% at 24-months post-ban: OR = 0.60, 95% CI = 0.37-0.97, p < .039). There was also a decrease in the proportion of current smokers who reported that seeing tobacco displays at the PoS increased impulse purchases (from 23% to 15%), but this was not significant (OR = 0.68, 95% CI = 0.37, 1.25, p = .213).
Discussion
This study is the first to assess the medium-term effects of banning the display of tobacco products at the PoS on youth smoking-related outcomes, with some encouraging results to consider. Consistent with previous research in other jurisdictions, 24, 26 the results indicate that removing tobacco from the PoS was associated with a decrease in exposure to tobacco displays, and that this happened within 6-12 months of implementation of the legislations. Given that previous research has demonstrated that youth who notice cigarette displays are more susceptible to future smoking, 14 PoS display bans might have potential protective effect in this regard.
In accordance with experimental research showing that exposure to retail tobacco displays affects smoking-related cognitions, 19 the current results also suggest an association between the PoS display bans and decreases in brand awareness and peer smoking overestimation. Declines in brand awareness are important, given that research has demonstrated associations between brand recall or brand engagement with youth smoking. 35, 36 Similarly, normative perceptions about peer smoking are an established predictor of youth smoking. 37 Though the decreases in these outcomes following the display bans were small, the potential for such bans to contribute to the denormalization of smoking for youth by reducing the visibility of tobacco is encouraging.
The results from the current study also indicated a decline the proportion of the sample reporting current smoking, apparent 24-months post-ban. Though the design of the current study makes it difficult to directly attribute the declines in tobacco pack display recall, brand awareness, peer smoking over-estimation, and current smoking to the removal of the PoS displays, the sensitivity analysis showed that the observed changes in smoking-related outcomes were primarily apparent in the group of youth who visited tobacco retailers most frequently. The fact that this group of youth showed decreases in these outcomes, while the group of youth with low store visitation did not, suggests that changes to the retail environment contributed at least somewhat to these effects. As with previous cross-sectional research, 11, 18 we found that youth with higher levels of visitation to tobacco retailers were at higher risk for each of the smoking-related outcomes, even when controlling for other known influences on smoking, such as exposure to smokers in one's social network. In longer-term evaluations of the effect of the PoS display bans on youth, it would be of interest to monitor whether the association between store visitation and smoking-related outcomes are maintained or whether they are diminished as exposure to PoS displays is reduced.
Despite tobacco being stored out-of-sight for between six and 24 months when some respondents were interviewed, more than half of this sample of youth still reported having seen tobacco displays in the past month. This may be due to some non-compliance on retailers' behalf, although we have no reason to suspect this would be significant, especially considering other evaluations have found high retailer compliance in Australia. 38 We believe it is more likely to be due to the prominent positioning of cigarette packs (often directly behind the cashier) as well as the compulsory health warning signage Note. % are from univariate associations between stage of PoS display ban and outcome variables; OR = odds ratios; CI = confidence interval; *p < .05, *p < .01, *p < .001. PoS = Point of Sale; PoS tobacco display recall (recalls seeing displays in any stores in the past month vs. recalls no displays); Brand Awareness (names one or more brands vs. none); Over-estimated peer smoking prevalence (over-estimated the number of people their age who smoke vs. not over-estimated); Perceived peer smoking approval (agrees that most people their age think it's ok to smoke once in a while vs. not); Current smoking (smoked in the past month vs. not); All models included demographic (age, sex, state of residence, SES) and other covariates (seen anti-smoking ads, smoking experience).
required to be displayed, such that respondents are still aware that cigarette packs are present. Therefore, even though cigarette packs cannot be seen, respondents know they are there, "displayed" behind the coverings. Alternatively, or in addition, individuals might be remembering being shown a pack during sales transactions, or what stores were like before the ban. Whether this may have confounded any impact of the display bans on smoking-related beliefs or behavior is difficult to assess and would require further research to ask where and what youth saw with regards to displays.
Previous research has demonstrated that exposure to PoS tobacco displays can trigger cravings and impulse purchases among smokers. 21, 22 Whilst we had no direct measure of changes in rates of impulse purchases, we did observe declines in the self-reported impact of tobacco displays on smokers. Before the display bans, nearly one in four young smokers reported that they sometimes purchased cigarettes as a result of seeing cigarette displays in shops and more than 15% said that they often thought about smoking when they saw the displays. Despite there being declines in both of these outcomes after the display bans, the fact that 15% of smokers were still reporting PoS-stimulated impulse purchases supports the above finding that tobacco displays in their current form remain a salient cue for youth. Further in-depth research with smokers could elucidate which aspects of the retail environment continue to stimulate thoughts about smoking and impulse purchases.
Past studies have been limited by small sample sizes, short-term findings, or little consideration of the impact of display bans on youth's smoking-related beliefs and behaviors. [24] [25] [26] Strengths of the current study include monitoring population-level changes in a range of smoking-related outcomes, extending the study beyond short-term effects, and the use of a large and representative sample across two jurisdictions. Study findings are limited by the fact that the ban was already implemented in large supermarkets in NSW for 6 months prior to the baseline survey, possibly attenuating estimates of change. Due to the timing of the surveys, the sample of youth interviewed 24-months post-ban is smaller than the other groups, possibly limiting our ability to detect significant effects in this group. There were some sampling differences between the pre-and post-ban groups; namely, no respondents from Queensland, more respondents from low SES backgrounds, and fewer youth with smoking experience and in the 24-months postban group. Including these variables as covariates in the multivariable models, however, should have reduced the impact of these sampling differences on the observed results. Using only a landline telephone, sample might have introduced some selection bias, particularly in the 18-24 years age group where up to one-third is estimated to live in mobile-only households. 39 However, the rates of current smoking in the TPI sample are comparable to available estimates of smoking prevalence in this age group, 29 suggesting that the sample is representative in this respect. Further, this sampling issue was consistent across the years of the survey, limiting its impact on the observed pattern of results. It should be noted that this study was conducted in jurisdictions where the marketing of tobacco was almost totally restricted, and the impact of PoS tobacco display removal might differ in places that have implemented fewer restrictions on tobacco promotions. This study would have been strengthened by the inclusion of a control group that did not initiate any bans on PoS tobacco displays during the time of study in order to test for secular effects that were independent of the PoS display bans. We believe, however, that a number of strategies used in this study have minimized the likelihood that the observed results are due solely to secular changes in the outcomes of interest. Firstly, by aggregating data from different years in the pre-ban and 6-12-months post-ban group, we have reduced the likelihood that cohort effects are explaining differences between these groups. Secondly, we adjusted our analyses for a range of covariates, including exposure to anti-smoking campaigns and smoking experience, reducing the probability that differences between groups are caused by variations in these factors. Finally, the sensitivity analysis, in which we stratified the sample based on the frequency of store visitation, showed that (for two outcomes), effects were greatest in the youth that visited stores more frequently, suggesting that changes were at least somewhat attributable to changes in store environment.
In conclusion, removal of point-of-sale displays in these two Australian states has been associated with changes in important smoking-related beliefs and behaviors among adolescents and young adults. In the two years following the bans, the legislation appears to be contributing positively to the denormalization of smoking, particularly among the group of youth most at risk of being influenced by PoS tobacco displays. These encouraging results should lend support to other jurisdictions considering removing retail tobacco displays. Nonetheless, the large number of youth still reporting that they are "seeing" tobacco displays, and the group of youth smokers who report that the displays make them think about smoking or buy cigarettes, suggests that further research is needed to determine how best to legislate the way in which tobacco products are stored in retail premises so that they are truly "out of sight and out of mind."
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